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(54) SOUND SIGNAL DETECTOR

(57) One example discloses an apparatus for sound
signal detection, comprising: a first wireless device in-
cluding a first pressure sensor having a first acoustical
profile and configured to capture a first set of acoustic
energy within a time window; wherein the first wireless
device includes a wireless signal input; wherein the first
wireless device includes a processing element config-
ured to: receive, through the wireless signal input, a sec-
ond set ofacoustic energy captured by a second pressure

sensor, having a second acoustical profile, within a sec-
ond wireless device and within the time window; apply a
signal enhancement technique to the first and second
sets of acoustic energy based on the first and second
acoustical profiles; search for a predefined sound signal
within the enhanced sets of acoustic energy; and initiate
a subsequent set of sound signal detection actions if the
search finds the sound signal.
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Description

[0001] The present specification relates to systems,
methods, apparatuses, devices, articles of manufacture
and instructions for sound signal detection.

SUMMARY

[0002] According to an example embodiment, an ap-
paratus for sound signal detection, comprising: a first
wireless device including a first pressure sensor having
a first acoustical profile and configured to capture a first
set of acoustic energy within a time window; wherein the
first wireless device includes a wireless signal input;
wherein the first wireless device includes a processing
element configured to: receive, through the wireless sig-
nal input, a second set of acoustic energy captured by a
second pressure sensor, having a second acoustical pro-
file, within a second wireless device and within the time
window; apply a signal enhancement technique to the
first and second sets of acoustic energy based on the
first and second acoustical profiles; search for a prede-
fined sound signal within the enhanced sets of acoustic
energy; and initiate a subsequent set of sound signal
detection actions if the search finds the sound signal.
[0003] In another example embodiment, the process-
ing element is configured to search for the predefined
sound signal in the first set of acoustic energy, before
receiving the second set of acoustic energy and before
searching for the predefined sound signal within the en-
hanced sets of acoustic energy.

[0004] In another example embodiment, the second
set of acoustic energy is not received until the first wire-
less device requests transfer of the second set of acoustic
energy; and the first wireless device is configured to re-
quest transfer of the second set of acoustic energy in
response to the processing element detecting the pre-
defined sound signal in the first set of acoustic energy.
[0005] In another example embodiment, the process-
ing element is configured to: calculate a probability that
the first set of acoustic energy received within the time
window includes the predefined sound signal and only
requests transfer of the second set of acoustic energy if
the calculated probability is above a predetermined
threshold probability.

[0006] In another example embodiment, a voice activ-
ity algorithm enables the search for the predefined sound
signal.

[0007] In another example embodiment, the prede-
fined sound signal includes at least one of: a voice com-
mand, an authorized voice signature, child crying, an en-
vironmental sound, a breaking glass sound, a dripping
water sound, a fire alarm sound or a combustion sound.
[0008] In another example embodiment, further com-
prising: the second wireless device, wherein the second
wireless device is configured to be separated from the
first wireless device by a predetermined distance.
[0009] In another example embodiment, the set of
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wireless devices are configured to be separated by the
predetermined distance within at least one of: an indoor
environment, a home, an office, a subway, a vehicle, a
car, a train, a plane, or an outdoor environment.

[0010] In another example embodiment, the first wire-
less device is configured to receive the second set of
acoustic energy encoded within a near-field magnetic in-
duction (NFMI) signal.

[0011] In another example embodiment, the wireless
devices include atleast one of: a microphone, an earbud,
ahearable, a smartphone, a smartwatch, a wearable de-
vice, a tablet or a computer.

[0012] In another example embodiment, the set of
sound signal detected actions include transitioning the
wireless device from a standby mode to an operational
mode in response to finding the predefined sound signal.
[0013] In another example embodiment, the set of
sound signal detected actions further include, if the signal
enhanced sets of acoustic energy included the prede-
fined sound signal, then initiating a wireless connection
to a sound signal processing server to further analyze
the signal enhanced sets of acoustic energy for specific
sound signals, voice commands, words, sounds, or
speech phrases.

[0014] In another example embodiment, the first pres-
sure sensor is configured to receive the acoustic energy
via a passage coupling an internal portion of the wireless
device to an external ambient environment.

[0015] Inanother example embodiment, the signal en-
hancement technique is a beamforming technique; and
the acoustic energy includes noise and the beamforming
technique distinguishes the noise from the sound signal.
[0016] According to an example embodiment, an ap-
paratus for sound signal detection, comprising: a first
wireless device including a first pressure sensor config-
ured to capture a first set of acoustic energy within atime
window; a second wireless device including a second
pressure sensor configured to capture a second set of
acoustic energy within the time window; and a third wire-
less device including a processing element configured
to: request transfer of the first set of acoustic energy cap-
tured by the first pressure sensor within the first wireless
device and within the time window; request transfer of
the second set of acoustic energy captured by the second
pressure sensor within the second wireless device and
within the time window; apply a signalenhancement tech-
nique to the first and second sets of acoustic energy;
search for a predefined sound signal within the signal
enhanced sets of acoustic energy; and initiate a set of
sound signal detected actions if the search finds the pre-
defined sound signal.

[0017] According to an example embodiment, an arti-
cle of manufacture including at least one non-transitory,
tangible machine readable storage medium containing
executable machine instructions for sound signal detec-
tion: wherein the article includes, a wireless device in-
cluding a pressure sensor, having a first acoustical pro-
file, and configured to capture a first set of acoustic en-
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ergy within a time window, and a processing element
configured to execute the instructions; and wherein the
instructions include, receiving a second set of acoustic
energy captured by a second pressure sensor, having a
second acoustical profile, within a second wireless de-
vice and within the time window; applying a signal en-
hancement technique to the first and second sets of
acoustic energy based on the first and second acoustical
profiles; search for a predefined sound signal within the
enhanced sets of acoustic energy; and initiate a subse-
quent set of sound signal detection actions if the search
finds the sound signal.

[0018] The above discussion is not intended to repre-
sent every example embodiment or every implementa-
tion within the scope of the current or future Claim sets.
The Figures and Detailed Description that follow also ex-
emplify various example embodiments.

[0019] Various example embodiments may be more
completely understood in consideration of the following
Detailed Description in connection with the accompany-
ing Drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Figure 1 is afirst example apparatus for sound signal
detection.

Figure 2A is a second example apparatus for sound
signal detection.

Figure 2B is an example set of subsequent sound
signal detection instructions for enabling sound sig-
nal detection.

Figure 3 is a third example apparatus for sound sig-
nal detection.

Figure 4 is an example system for hosting the in-
structions within either the second or third apparatus
for sound signal detection.

[0021] While the disclosure is amenable to various
modifications and alternative forms, specifics thereof
have been shown by way of example in the drawings and
will be described in detail. It should be understood, how-
ever, that other embodiments, beyond the particular em-
bodiments described, are possible as well. All modifica-
tions, equivalents, and alternative embodiments falling
within the spirit and scope of the appended claims are
covered as well.

DETAILED DESCRIPTION

[0022] Wireless devices, such as wireless earbuds (al-
soknown as Hearables), in various embodiments include
embedded sound and sensor capabilities. Such wireless
devices can be designed to support playback of stereo
sound from an external device such as a cellphone, mak-
ing phone calls, responding to voice commands, detect-
ing sound events, and so on.
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[0023] Some example embodiments communicate
with a smartphone or other devices, such as tablet, com-
puters, etc., through Bluetooth Classic or through Blue-
tooth Low Energy (BLE), and communicate with each
other using Near-Field Magnetic Induction (NFMI) sig-
nals that can pass through various structures, including
the human body, and in the case of hearables, through
the human head.

[0024] One example embodimentfor such wireless de-
vices is voice recognition by a set of wearable earbuds.
When a single microphone at one earbud (e.g. a single-
sided microphone) is used to pickup the voice of the wear-
er, sound quality is limited since the single-sided micro-
phone is not be directional and stray environmental noise
can obfuscate the desired speech signal.

[0025] Another example embodiment may use two mi-
crophones in a single earbud device in an attempt to im-
prove the directionality of the combined microphone sig-
nal, suppress environmental noise and increase the level
of the speech signal. However, due to close proximity of
such microphones, the amount of achievable environ-
ment noise suppression is limited.

[0026] Effective voice and sound signal recognition
can help improve speech recognition, voice communica-
tions, voice commands (e.g. waking-up the wireless de-
vice), and alarm generation (e.g. a home security system
that recognizes the sound of glass breaking). Many voice
and sound signal recognition programs also connect to
a more computationally powerful remote server for more
effectively decoding a voice or other sound signal so as
to perform various speech and sound signal recognition
functions.

[0027] Figure 1 is a first example apparatus 100 for
sound signal detection. The first apparatus 100 shows a
single-sided sound signal detection apparatus that in-
cludes: a first wireless device 102 (e.qg. left earbud, mas-
ter earbud, etc.) and a second wireless device 104 (e.g.
right earbud).

[0028] In single-sided voice activation, the first wire-
less device 102 (e.g. master earbud) includes a connec-
tion to a cloud network, through a smartphone or other
device and performs voice activation based on a first
pressure sensor 106 (e.g. local microphone) signal.
[0029] In one example, voice activation of and/or
speech recognition within the first apparatus 100 is
achieved using a power-optimized, multi-stage process
where initially the first wireless device 102 (e.g. master
earbud) aims to individually detect acoustic energy and
then gradually apply more computational processing
power to ensure that the detected sound is effectively a
voice signal emanating from its wearer (i.e. voice activity
detection).

[0030] Once the first wireless device 102 (e.g. master
earbud) decides it has correctly detected voice activity
fromits wearer, it will start to forward the assumed speech
information and/or voice commands (i.e. transfer record-
ed voice) to the cloud network (i.e. open network con-
nection). The processing in the cloud network then aims
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to further interpret the meaning and intent of the recorded
speech information and/or voice command. Theright ear-
bud 104 is passive during this whole voice activation of
and/or speech recognition process.

[0031] In one example of the first wireless device 102
(e.g. master earbud) in the first apparatus 100 uses an
external microphone (i.e. the first pressure sensor 106)
to listen for a user’s voice. The external microphone how-
ever can pick up a lot of interfering sounds and other
voices from the surroundings. This setup can lead to a
lot of false voice activation triggers and/or garbled speech
recognition results, thereby wasting energy and time as
false speech signals and/or commands are now trans-
ferred to the cloud for further analysis. Additionally, with
a single external microphone, the quality of the recorded
voice of the wearer (even when correctly detected and
recorded) is still very susceptible to background and oth-
erinterfering sounds which are also recorded and difficult
to remove effectively.

[0032] In another example of the first wireless device
102 (e.g. master earbud) in the first apparatus 100 uses
aninternal microphone (i.e. the first pressure sensor 106)
wholly located within the master earbud 102 to listen for
auser’s voice. In this case, while the internal microphone
can be well isolated from surrounding noise sources (as-
suming a tight fitting earbud) and may not pick up a lot
of interfering sounds and other voices from the surround-
ings, the microphone’s signal is further attenuated and a
user’s high frequency speech content tends to be miss-
ing. Use of an internal microphone also can pick up un-
wanted interference when music or speech is played
back through the first wireless device’s 102 (e.g. master
earbud’s) speaker.

[0033] Figure 2A is a second example 200 apparatus
for sound signal detection. The second apparatus 200
includes: a first wireless device 202 having a first pres-
sure sensor 204 and a first processing element 206; and
a second wireless device 208 having a second pressure
sensor 210 and a second processing element 212. Each
pressure sensor 204, 210 captures acoustic energy 214
within a time window. The time window can be controlled
by a clock signal synchronized between the devices 202,
208. Acoustic energy is herein defined to include gas
pressure variations in an environment. A sound (e.g. au-
dio) signal is herein defined as a specific type of acoustic
energy, such as: a voice signal, a baby crying, a fire
alarm, leaking water, broken glass, shots fired, etc. A
voice signal is a special type of sound signal and is herein
defined as a subset of sound signals which are equivalent
to human speech or human-like (e.g. synthetic speech)
speech sounds, such as a person’s voice.

[0034] The wireless devices 202, 208 need not be the
same in all example embodiments. In one example em-
bodiment, the wireless devices 202, 208 could be two
earbuds configured to be worn by a person. In another
example embodiment, the wireless devices 202, 208
could be a smartwatch and a smartphone configured to
be carried or worn by a person. In yet another example
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embodiment, the wireless devices could be two or more
devices positioned at various locations in a conference
room. The wireless devices 202, 208 thus could be: an
earbud, a hearable, a smartphone, asmartwatch, awear-
able device, a tablet, a computer, a wireless microphone,
etc.

[0035] The second example 200 apparatus stores an
acoustic profile for each of the wireless devices 202, 208.
The acoustic profile, in one example embodiment, pro-
vides resonance and attenuation characteristics that are
very specific to the wireless devices 202, 208, and in
some examples may be specific to a just particular set
of the wireless devices 202, 208. These acoustic profiles
enable more accurate signal enhancements (e.g. beam-
forming) during later sound detection and processing
steps. In other example embodiments one or more of the
wireless device’s acoustic profiles could be generic.
[0036] The first and second wireless devices 202, 208
are separated from each other by a predetermined dis-
tance. Predetermined distance in one example refers to
a particular spatial placement of the wireless devices
202, 208 such that the wireless devices 202, 208 are
separated by a fixed, or in other embodiments a known
variable (e.g. periodic, equation, set of data points) dis-
tance. This predetermined distance can be within: a
home, a car, an office, an indoor or outdoor environment,
etc. If the pressure sensors 204, 210 (e.g. microphones)
are further spatially separated, then sound signal en-
hancements (e.g. beamforming and/or noise reduction)
enable more accurate sound signal identification by re-
ducing ambient noise.

[0037] Beamforming (i.e. spatialfiltering) in one exam-
ple is a signal enhancement technique used in sensor
arrays for directional signal transmission or reception.
Beamforming is achieved by combining elements in a
phased array in such a way that signals at particular an-
gles experience constructive interference while others
experience destructive interference. Beamforming is
used to achieve spatial signal selectivity. Thus beam-
forming defines a particular geometry within a space con-
taining acoustic energy, which excludes other ge-
ometries and create a very directional acoustic energy
capture technique (e.g. targeting a specific front and
center location wherein a person’s mouth is likely to be
located, using a set of wireless earbuds that are pre-
sumed to be worn on the person’s ears. In other example
embodiments, adaptive beamforming is used to zero in
on a previously unknown location of a predefined sound
target. Adaptive beamforming may first identify a specific
acoustic profile and/or sound level, before removing oth-
er unwanted sounds (e.g. noise).

[0038] Inone example embodiment, the pressure sen-
sors 204, 210 are microphones. The pressure sensors
204, 210 can receive the acoustic energy 214 either in-
ternal to the wireless device 202, 208 or externally (see
internal/external discussion above) through a passage
coupling an internal portion of the wireless devices 202,
208 directly to an external ambient environment.
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[0039] In various example embodiments, one or both
processing elements 206, 212 are configured with a set
of instructions for enabling sound signal detection. The
order in which these example instructions are presented
can be changed or selectively excluded in different ex-
ample embodiments. Additionally, in some example em-
bodiments certain instructions are implemented in par-
allel.

[0040] A first instruction 216 for receiving a first set of
acoustic energy captured by the first pressure sensor
204 within the first wireless device 202 and within a time
window.

[0041] A second instruction 218 for receiving a second
set of acoustic energy captured by the second pressure
sensor 210 within the second wireless device 208 and
within the time window. The wireless devices 202, 208
can be configured to communicate and exchange data
using near-field magnetic induction (NFMI) circuits and
protocols.

[0042] The second set of acoustic energy transferred
to the first wireless device 202 can be either a set of real-
time acoustic energy 214, if the wireless connection be-
tween the wireless devices 202, 208 can be set up suf-
ficiently rapidly, or a buffered version of the acoustic en-
ergy 214 to compensate for a delay in setting up the wire-
less link.

[0043] A third instruction 220 applies a beamforming
and/or other signal enhancement techniques to the first
and second sets of acoustic energy, based on the first
and second acoustical profiles.

[0044] A fourth instruction 222 searches for a prede-
fined sound signal within the signal enhanced (e.g. beam-
formed) sets of acoustic energy. Since the acoustic en-
ergy 214 can include noise, signal enhancement tech-
niques such as beamforming are used to distinguish the
noise from the predefined sound signal. The predefined
sound signal can include: a voice command, an author-
ized voice signature, a baby crying, an environmental
sound, a breaking glass sound, a dripping water sound,
a fire alarm sound, a combustion sound, etc.

[0045] A fifth instruction 224 initiates a subsequent set
of sound signal detection actions (e.g. instructions) if the
search finds the predefined sound signal.

[0046] In some example embodiments, the second
wireless device 208 includes a second processing ele-
ment 212 having a set of instructions for enabling sound
detection 225 which is similar to those in the first process-
ing element 206.

[0047] Figure 2B is an example set of subsequent
sound signal detection instructions for enabling sound
signal detection. In various example embodiments, one
orboth processing elements 206, 212 are configured with
the set of subsequent sound signal detection instructions.
The order in which these example instructions are pre-
sented can be changed or selectively excluded in differ-
ent example embodiments. Additionally, in some exam-
ple embodiments certain instructions are implemented
in parallel.
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[0048] A sixth instruction 226 transitions the wireless
devices 202, 208 from a standby mode to an operational
mode in response to finding the predefined sound signal.
[0049] A seventh instruction 228 analyzes the signal
enhanced (e.g. beamformed) sets of acoustic energy us-
ing a voice activity algorithm to determine if the prede-
fined sound signal was in the sets of acoustic energy. By
removing "false alarms", the voice activity algorithm in-
creases voice and sound signal detection accuracy.
[0050] An eighth instruction 230 initiates a wireless
connection to a sound signal processing server to further
analyze the signal enhanced sets of acoustic energy for
specific sound signals, voice commands, words, sounds,
or speech phrases, if the voice activity algorithm deter-
mines that the sets of acoustic energy included the pre-
defined sound signal.

[0051] Wireless device 202, 208 connection to the
sound signal processing server (e.g. voice signal
processing server) in one example can be through a Blue-
tooth connection to a smartphone which then has either
a WIFI or cellular connection to a remote voice signal
processing server.

[0052] Inthe second example 200 apparatus for sound
signal detection discussed in Figures 2A and 2B above,
the wireless devices 202, 208 perform a double-sided
(e.g. dual) sound signal detection, in comparison to the
single-sided sound signal detection discussed in Figure
1.

[0053] Also for embodiments where the pressure sen-
sors 204, 210 are external microphones located on either
side of a person’s head, the beamforming and/or other
signal enhancement processing substantially reduce any
environmental noise interference so that predefined
sound signal, such as human speech, voice commands,
etc., can be more accurately understood (e.g. for speech
recognition). Robustness to false predefined sound sig-
nal detections is increased compared to single-sided
sound signal detection, due to the noise reduction and
beamforming of the pressure sensors’ 204, 210 (e.g. ex-
ternal microphones’) signals.

[0054] Oneadvantage ofthe double-sided microphone
approach is that the computationally intensive speech
recognition algorithms need only be designed to run on
a signal enhanced (e.g. cleaned-up, beamformed etc.)
combination of both pressure sensors 204, 210.

[0055] As mentioned above, the double-sided sound
signal detection discussed herein can be extended to
various smart-home, smart-car, smart-office, or smart-
environment applications, detecting perhaps: fire alarms,
glass breakage, baby cries, dripping water, structural fail-
ures, shots fired, and so on.

[0056] Figure 3 is a third example 300 apparatus for
sound signal detection. The third apparatus 300 includes:
a first wireless device 302 having a first pressure sensor
304 and a first processing element 306; and a second
wireless device 308 having a second pressure sensor
310 and a second processing element 312. Each pres-
sure sensor 304, 310 captures acoustic energy 314 with-
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in a time window. The time window can be controlled by
a clock signal synchronized between the devices 302,
308.

[0057] The third apparatus 300 however presents a
modified version of the second example 200 apparatus
(discussed above) which reduces the wireless devices’
302, 308 power consumption by canceling the second
example 200 apparatus’ instructions 218 through 232
(i.e. see the Figures 2A and 2B) and returning to the
acoustic energy 314 capture mode (e.g. instruction 216)
in certain circumstances.

[0058] In various example embodiments, one or both
of the processing elements 306, 312 are configured with
a set of instructions for enabling sound signal detection.
The order in which these example instructions are pre-
sented can be changed or selectively excluded in differ-
ent example embodiments. Additionally, in some exam-
ple embodiments certain instructions are implemented
in parallel.

[0059] A first instruction 316 retrieves a first set of
acoustic energy captured by the first pressure sensor
304 within the first wireless device 302 and within a time
window.

[0060] A second instruction 318 searches for the pre-
defined sound signal in the first set of acoustic energy,
before receiving the second set of acoustic energy and
before searching for the predefined sound signal within
the enhanced sets of acoustic energy.

[0061] A third instruction 320 for not receiving the sec-
ond set of acoustic energy at the first wireless device 302
until the first wireless device 302 independently detects
the predefined sound signal in the first set of acoustic
energy, after which the first wireless device 302 is con-
figured to request transfer of the second set of acoustic
energy.

[0062] A fourth instruction 322 calculates a probability
that the acoustic energy 314 captured by the first pres-
sure sensor 304 includes the predefined sound signal
and only requests transfer of a second set of acoustic
energy captured by the second pressure sensor 310 with-
in the second wireless device 308 and within the time
window, if the calculated probability is above a predeter-
mined threshold probability. This instruction reduces
power consumption for the wireless devices 302, 308
since the devices 302, 308 do not always need to be in
communication and exchange data.

[0063] A fifth instruction 324 returns the first wireless
device 302 to instruction 316 if the calculated probability
is below the predetermined threshold probability.
[0064] A sixth instruction 326 applies a beamforming
and/or other signal enhancement techniques to the first
and second sets of acoustic energy.

[0065] A seventh instruction 328 searches for a pre-
defined sound signal within the signal enhanced sets of
acoustic energy. Since the acoustic energy 314 can in-
clude noise, the signal enhancement (e.g. beamforming)
techniques are used to distinguish the noise from the
predefined sound signal.
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[0066] An eighth instruction 330 initiates a subsequent
set of sound signal detection actions (e.g. instructions)
if the search finds the predefined sound signal.

[0067] Thus power consumption is the third example
300 apparatus is reduced since the second set of acous-
tic energy captured by the second pressure sensor 310
within the second wireless device 308 is notalways trans-
ferred to the first wireless device 302.

[0068] Inone example embodiment, both wireless de-
vices 302, 308 (e.g. leftand right earbuds) are in a single-
sided voice activation mode and receive the acoustic en-
ergy 314 independently on their own pressure sensor
304, 310 (e.g. external microphone), and each wireless
device 302, 308 individually calculates a probability that
the acoustic energy 314 contains the predefined sound
signal (e.g. voice activity from an authorized user). In this
example either wireless device 302, 308 can set up a
wireless connection (e.g. perhaps using NFMI) and initi-
ate the request to transfer the other wireless devices’ set
of captured acoustic energy.

[0069] The subsequentsound signal detection instruc-
tions in the sixth instruction 326 can, in various example
embodiments, include one or more of the instructions
226 through 232 discussed in Figure 2A.

[0070] In various example embodiments, the wireless
devices 202, 208 can communicate using a variety of
protocols, including Bluetooth Classic (BC), Bluetooth
Low-Energy (BLE), WiFi or NFMI.

[0071] Also, the various instructions here presented
need not all be implemented on just the wireless devices
202, 208. Alternatively, such instructions could be exe-
cuted by transferring the requisite acoustic and/or other
data to a third device or to a server for processing. Such
embodiments would tend to induce latency which may
or may not be acceptable, depending upon a particular
example embodiment.

[0072] Note thattheinstructions and/orflowchart steps
inthe above Figures can be executed in any order, unless
a specific order is explicitly stated. Also, those skilled in
the art will recognize that while one example set of in-
structions/method has been discussed, the material in
this specification can be combined in a variety of ways
to yield other examples as well, and are to be understood
within a context provided by this detailed description.
[0073] Figure 4 is an example system for hosting the
instructions within either the second or third apparatus
for sound signal detection. The system 400 shows an
input/output data 402 interface with an electronic appa-
ratus 404. The electronic apparatus 404 includes a proc-
essor 406, a storage device 408, and a non-transient
machine-readable storage medium 410. The machine-
readable storage medium 410 includes instructions 412
which control how the processor 406 receives input data
402 and transforms the input data into output data 402,
using data within the storage device 408. Example in-
structions 412 stored in the machine-readable storage
medium 410 are discussed elsewhere in this specifica-
tion. The machine-readable storage medium in an alter-
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nate example embodiment is a non-transient computer-
readable storage medium.

[0074] The processor (such as a central processing
unit, CPU, microprocessor, application-specific integrat-
ed circuit (ASIC), etc.) controls the overall operation of
the storage device (such as random access memory
(RAM) for temporary data storage, read only memory
(ROM) for permanent data storage, firmware, flash mem-
ory, external and internal hard-disk drives, and the like).
The processor device communicates with the storage
device and non-transient machine-readable storage me-
dium using a bus and performs operations and tasks that
implement one or more instructions stored in the ma-
chine-readable storage medium. The machine-readable
storage medium in an alternate example embodiment is
a computer-readable storage medium.

[0075] Example embodiments of the material dis-
cussed in this specification can be implemented in whole
or in part through network, computer, or data based de-
vices and/or services. These may include cloud, internet,
intranet, mobile, desktop, processor, look-up table, mi-
crocontroller, consumer equipment, infrastructure, or
other enabling devices and services. As may be used
herein and in the claims, the following non-exclusive def-
initions are provided.

[0076] In this specification, example embodiments
have been presented in terms of a selected set of details.
However, a person of ordinary skill in the art would un-
derstand that many other example embodiments may be
practiced which include a different selected set of these
details. It is intended that the following claims cover all
possible example embodiments.

Claims
1. Apparatus for sound signal detection, comprising:

a first wireless device including a first pressure
sensor having a first acoustical profile and con-
figured to capture a first set of acoustic energy
within a time window;

wherein the first wireless device includes a wire-
less signal input;

wherein the first wireless device includes a
processing element configured to:

receive, through the wireless signal input, a
second set of acoustic energy captured by
asecond pressure sensor, having a second
acoustical profile, within a second wireless
device and within the time window;

apply a signal enhancement technique to
the first and second sets of acoustic energy
based on the first and second acoustical
profiles;

search for a predefined sound signal within
the enhanced sets of acoustic energy; and

10

15

20

25

30

35

40

45

50

55

initiate a subsequent set of sound signal de-
tection actions if the search finds the sound
signal.

2. The apparatus of claim 1:

wherein the processing elementis configured to
search for the predefined sound signal in the
first set of acoustic energy, before receiving the
second set of acoustic energy and before
searching for the predefined sound signal within
the enhanced sets of acoustic energy.

3. The apparatus of claim 1 or 2,

wherein the second set of acoustic energy is not re-
ceived until the first wireless device requests transfer
of the second set of acoustic energy; and

wherein the first wireless device is configured to re-
quest transfer of the second set of acoustic energy
in response to the processing element detecting the
predefined sound signal in the first set of acoustic
energy.

4. The apparatus of any preceding claim, wherein the
processing element is configured to:

calculate a probability that the first set of acous-
tic energy received within the time window in-
cludes the predefined sound signal and only re-
quests transfer of the second set of acoustic en-
ergy if the calculated probability is above a pre-
determined threshold probability.

5. The apparatus of any preceding claim:

wherein a voice activity algorithm enables the
search for the predefined sound signal.

6. The apparatus of any preceding claim:

wherein the predefined sound signal includes at
least one of: a voice command, an authorized
voice signature, child crying, an environmental
sound, a breaking glass sound, a dripping water
sound, a fire alarm sound or a combustion
sound.

7. The apparatus of any preceding claim, further com-
prising:

the second wireless device, wherein the second
wireless device is configured to be separated
from the first wireless device by a predetermined
distance.

8. The apparatus of claim 7:

wherein the set of wireless devices are config-
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ured to be separated by the predetermined dis-
tance within at least one of: an indoor environ-
ment, a home, an office, a subway, a vehicle, a
car, a train, a plane, or an outdoor environment.

9. The apparatus of any preceding claim:

wherein the first wireless device is configured to
receive the second set of acoustic energy en-
coded within a near-field magnetic induction
(NFMI) signal.

10. The apparatus of any preceding claim:

wherein the wireless devices include atleastone
of: a microphone, an earbud, a hearable, a
smartphone, a smartwatch, a wearable device,
a tablet or a computer.

11. The apparatus of any preceding claim:

wherein the set of sound signal detected actions
include transitioning the wireless device from a
standby mode to an operational mode in re-
sponse to finding the predefined sound signal.

12. The apparatus of any preceding claim:

wherein the set of sound signal detected actions
further include, if the signal enhanced sets of
acoustic energy included the predefined sound
signal, then initiating a wireless connection to a
sound signal processing server to further ana-
lyze the signal enhanced sets of acoustic energy
for specific sound signals, voice commands,
words, sounds, or speech phrases.

13. The apparatus of any preceding claim:

wherein the first pressure sensor is configured
to receive the acoustic energy via a passage
coupling an internal portion of the first wireless
device to an external ambient environment.

14. The apparatus of any preceding claim:

wherein the signal enhancement technique is a
beamforming technique; and
wherein the acoustic energy includes noise and
the beamforming technique distinguishes the
noise from the sound signal.

15. Apparatus for sound signal detection, comprising:

a first wireless device including a first pressure
sensor configured to capture a first set of acous-
tic energy within a time window;

a second wireless device including a second
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pressure sensor configured to capture a second
set of acoustic energy within the time window;
and

a third wireless device including a processing
element configured to:

request transfer of the first set of acoustic
energy captured by the first pressure sensor
within the first wireless device and within
the time window;

request transfer of the second set of acous-
tic energy captured by the second pressure
sensor within the second wireless device
and within the time window;

apply a signal enhancement technique to
the firstand second sets of acoustic energy;
search for a predefined sound signal within
the signal enhanced sets of acoustic ener-
gy; and

initiate a set of sound signal detected ac-
tions if the search finds the predefined
sound signal.



EP 3 253 071 A1

LI

\\[
P
3010A 03040034 HIISNVHL
\.
4
10l NOILOINNOD ¥HOMLIN N3dO
.
30IA30 SSTT34IM ANOD3 (
0SS 0o NOILD313Q ALIAILOY 3II0A
m \
v0l INJN3T3 DNISSIO0H LS4l
A9HINZ OI1LSNOJY w »| HOSNIS 3dNSSItd LSHI
w Ve @O_R 30130 SSF1HIM LSHI4
00} 204




EP 3 253 071 A1

¥¢ Il
mmm/

/
\

NOILI313d ANNOS F010A ONITdVYNI
d04 SNOILINYLSNI 40 L3S

INANF T3 ONISSF00dd UNOT3S

= f
¢he

HOSN3S FHNSSTHd ANODIS |

EN\

10IA30 SSF13IM ANODJFS

5

80¢

oomw

4%

4

¢eC 7|

0¢¢

9ke—

AJd3INg J1LSNOJY

~

\

~N

TYNIIS ONNOS QINIH3034d JHL SONIH HOHYAS HL 4|
 SNOILOY NOILI3L30 ANNOS 40 L35 INJNDSENS ¥ ALYILINI

\

\.

AJEINT J1LSMN0JY 40 S1IS TFINVHNT TWNIIS JHL
NIHLIM TYNDIS UNNOS T3NI43034d ¥ 404 HOHVAS

~

J

\

S311404d JILSNOJY ANOISS ANY
LSH14 FHLNO 035v8 AN J1LSNOJY
40 5135 ANOJIS ANV 1514 JHL OL

~N

\_ JNOINHO3L INJWFONVHNT TYNDISV AlddY )
P

MOCNIM JAIL FHL NIHLIM ONY

FIIA30 SSTTHEIM ANOJS FHL NIHLIM
HOSNIS FHNSSIHd ANOJAS FHL AG 03dNLdVD
( AJ4INT JILSN0JV 40 135 ANOJIS YV IARIIE )

J

MOCNIM JNIL Y NIHLIM ANV 39IA30 SSTTIHIM
ISHIH FHL NIHLIM HOSNAS FHNSSHd [SHIH HL Ad

034N LdvI AHANT JILSNOAV 40 L3S LSHI4 ¥ IAIFIFH

INJNF T ONISSF00dd LSHIH

90¢ m

J

200

P

dOSNAS F4NSS34d 1S4I

wg—t

JOIAJ0 SSTTIHIM LS4

10



EP 3 253 071 A1

d¢ Il

0EC

82C 7

9¢¢—

%

( STYNIIS ONNOS 914134dS 404 AHANS
OILSNOJY 40 S13S QIONVHNT TYNIIS 3HL
FZATYNY 43H1HM 0L HIAY3S INISSII0Hd TYNDIS
. ONMOS NV OLNOILIINNOD SSTTIHIM Y ALVILINI

~

(" A9YINT 11SN09Y 40 S13S FHL NI SYM TYNDIS )
ONNOS GINI4303Hd FHL 41 ININYIL3a 0L

WHLIH09TY ALIALLOY 30I0A ¥ ONISN ADHINT

L 01LSN0OY 40 S13S GIINYHNI TYNDIS FHLIZATINY

TYNDIS ANNOS (ANI43034d FHL INIANH
01 3SNOJS3H NI JA0N TYNOILYH3d0 Nv 0L 400N

AGUNYLS ¥ INOH4 SFOIAFA SSTTIHIM JHL NOILISNYHL

INAWTT3 ONISSF004dd LSdI

90¢ w

dOSNAS FdNSS3dd LSHl4

wg—

J0IA30 SSFT13HIM LSdIS

1"



EP 3 253 071 A1

o Il

-

L

TUNOIS ONNOS Q3NI4303Hd FHL SONI HOMYAS JHL A SNOILOY )
NOILJZL130 ONNOS 40 L3S ININDASENS ¥ FL1LINI

AJEINT J'LSN0JV 40 S13S GIONVHNI TWNDIS FHL
NIHLIM TYNDIS ONNOS QINIH3034d ¥ 04 HOEYS

AJEINT J1LSNOTY 40 S13S UNCIAS ONY LSHI4
JHL 0L AN0INHIAL INFNFINYHNI TWNDIS ¥ ATddY

ALTIBVEOkd TTOHSIEHL CININ3LICIHA JHLMO TSR ST ALTIGYEOE )
(3LYINITVI FHL 41 9LENOILLONELSNI OL 3130 SSTTHIM LSHIH JHLNHNLY

(- ALTIEYB0Hd TTOHSFEHL Y JA08Y ST ALITIBYEOHd )
(3L¥IN07¥9 JHL 41 ADHINT D1LSNOY 40 135 ANOJAS FHL 40 H34SNvHL

LS3N034 AING ONY TYNSIS ONNOS CINI3C3Ed 3HL SFONTINI HOSNAS JHNSSId

\_ L5814 3HL A9 03N LdvD AQHINT ILSNOIY HL IYHL ALITEVEOHA Y AIVINT VY )

( A9YINT O1LSN0OY 40 13S LSHIFIHLNI TYNDIS ONNOS N30 HL )
SLI3L30 ATINAONIdIANI F01A30 SSTT3IM LSHI FHL TIINN FOIAC
\ SSF1IM LSHI4 FHL 1v AJEINT JILSN0JV 40 135 ANOJSS JHL ONIAHIFH LON

(" ADHINT D1LSN0Y 40 S35 GIONYHINT JHLNIHLIM TYNDIS ONNOS GINHI03d )
HL 404 ONIHIUYZS FH046 ONY ADHINT DILSNCJV 40 L3S ANOD3S ONIAI0Y
JH078 A96IN DILSNODY 40 135 LSHIANI TWNSIS ONNOS (INI3034d HO4 HOHYAS,

MOGNIM NI Y NIHLIM ONY 01A30 SSTTHIM LSHIH 3HL NIHLIM HOSNS
FaN5S3d LSHI4 FHL Ag Q34N Ldvd ADHING QILSN0JV 40 L3S LSHI Y Il LH

INFNFT3 ONISSF004d 1SHIH

N A AW

_
N 90¢€

086 -
976 -
976 -
NOILO3LIA ANNOS ONITAYNT b6 —
H04 SNOILONYLSNI 40 13S
INIWIT3 ONISSID0Hd ANOD3S
226
7 f
218 HOSNIS
16| 3NSS3tc ONOO3S < 07e
I0IA30 SSTTIHIM ANODIS
816
908
916 -
e ADYINT 0_5383
ple Y

206

P| HOSNIS IUNSSTE LSHId [\ ygg
30IA30 SSTT3HIM LS

12



EP 3 253 071 A1

ARG

s
SNOILONYLSNI
0ly
ANICIN 39YHO0LS T18¥av3H INHOVIA
9
— N 4
307 —
BN > m_%_wmQ <
39vd0LS 40SS3N04d
P
391A30 ONLLNAINOD

20v
V1¥Q LNdLNO/LNNI

00y

13



10

15

20

25

30

35

40

45

50

55

D)

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

EP 3 253 071 A1

Application Number

EP 17 17 1337

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
Y US 20147278435 Al (GANONG III WILLIAM F 1-15 INV.
[US] ET AL) 18 September 2014 (2014-09-18) HO4R1/10
* paragraphs [0001], [0002], [0004] * G10L15/08
* paragraphs [0005], [0008], [0011], HO4R3/00
[6013] * G10L15/32
* paragraph [0031] - paragraph [0042] *
* paragraph [0046] - paragraph [0048] * ADD.
* paragraphs [0051], [0053], [0056] - HO4R1/32
paragraph [0059] * G10L15/30
* paragraph [0062] - paragraph [0063] * G10L21/0208
* paragraphs [0076], [0078] *
* paragraphs [0090], [0094], [0099] *
* paragraph [0118] - paragraph [0126] *
* paragraphs [0132], [0135], [0137] *
* paragraph [0140] - paragraph [0145] *
* paragraphs [0150], [0159] - paragraph
[0163] *
* paragraphs [0166], [0169] *
* figures 1,2, 7b, 8b, 9 *
Y US 2009/238377 Al (RAMAKRISHNAN DINESH 1-15 TECHNICAL FIELDS
[US] ET AL) 24 September 2009 (2009-09-24) SEARCHED PO
* paragraphs [0003], [0005], [0007], HO4R
[0008], [0010] * GloL
* paragraphs [0029], [0031], [0034],
[0035] *
* paragraph [0038] - paragraph [0040] *
* paragraphs [0071], [0083] - paragraph
[0084] *
* figures 1-3, 7, 11 *
A WO 2015/092401 A2 (CIRRUS LOGIC INTERNAT |[1-15
UK LTD [GB]) 25 June 2015 (2015-06-25)
* page 1, line 1 - page 2, line 14 *
* page 3, line 25 - page 7, line 31 *
* figures 1-3 *
_/ -
The present search report has been drawn up for all claims

Place of search

The Hague

Date of completion of the search

5 October 2017

Examiner

Valenzuela, Miriam

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

document

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

14

page 1 of




10

15

20

25

30

35

40

45

50

55

EP 3 253 071 A1

9

des

Européisches
Patentamt

European
Patent Office

Office européen

brevets

—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 17 17 1337

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

A

US 2010/130198 Al (KANNAPPAN KENNETH S

[US] ET AL) 27 May 2010 (2010-05-27)

* paragraphs [0004], [0005], [0008],

[6011] *

* paragraph [0020] - paragraph [0025] *
* paragraph [0031] - paragraph [0032] *
* paragraph [0050] - paragraph [0052] *
* figures 3,5,6 *

The present search report has been drawn up for all claims

1-15

TECHNICAL FIELDS
SEARCHED (IPC)

Place of search Date of completion of the search

The Hague 5 October 2017

Examiner

Valenzuela, Miriam

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category L : document cited f

A :technological background

O : non-written disclosure

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

P : intermediate document document

after the filing date
D : document cited in the application

& : member of the same patent family, corresponding

15

page 2 of




EP 3 253 071 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 17 17 1337

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

05-10-2017
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2014278435 Al 18-09-2014  NONE

US 2009238377 Al 24-09-2009 CA 2705789 Al 24-09-2009
CN 101911724 A 08-12-2010
EP 2277323 Al 26-01-2011
JP 5313268 B2 09-10-2013
JP 2011515897 A 19-05-2011
KR 20100116693 A 01-11-2010
RU 2010142270 A 27-04-2012
TW 200951942 A 16-12-2009
US 2009238377 Al 24-09-2009
WO 2009117471 Al 24-09-2009

WO 2015092401 A2 25-06-2015 CN 106104675 A 09-11-2016
GB 2524222 A 23-09-2015
KR 20160099639 A 22-08-2016
US 2016379635 Al 29-12-2016
WO 2015092401 A? 25-06-2015

US 2010130198 Al 27-05-2010  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

16




	bibliography
	abstract
	description
	claims
	drawings
	search report

